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(54) Light source device 

(57) A discharge lamp which eliminates the large 
line noise that forms in discharge lamps during startup 
while preventing heat loss In the transformer by provid- 
ing a pair of opposed electrodes for the main discharge 
and an auxiliary electrode arranged such that it does not 
come into contact with the discharge space for the main . 
discharge, a feed circuit for supplying the discharge cur- 



rent to the electrodes for the main discharge, and a start- 
er circuit which produces a high voltage between one of 
the electrodes for the main discharge and the auxiliary 
electrode. The high voltage generating part of the starter 
circuit which includes at least a high voltage transformer 
that is separated from the feed circuit while the dis- 
charge lamp and the high voltage generating part are 
formed as an integral unit. 
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Description 

Background of the Invention 
Field of the Invention 

[0001] The invention relates to a light source device 
using a HID lamp which is used for example as a light 
source for a projector. 

Description of the Related Art 

[0002] In an optical device, such as a liquid crystal 
projector, a DLP® projector (manufactured by Texas In- 
struments), a discharge lamp with high radiance lamp 
(HID), such as a high pressure mercury lamp, a xenon 
lamp, a metal halide lamp or the like is used. In one such 
discharge lamp, it is necessary to produce a high volt- 
age using a starter device which will expose the dis- 
charge space to an Insulation breakdown In order to 
start a discharge. 

[0003] Figure 14 shows the arrangement of a conven- 
tional discharge lamp light source device of the series 
trigger type. In a light source device for an optical device 
normally a starter (Ui) is used in which a pulsed high 
voltage is applied between the electrodes (E1, E2) of 
the two poles of the discharge tamp. In this system, the 
secondary winding (Si) of the high voltage transformer 
(Tl) of the starter is series-connected to the discharge 
lamp (Li). After starting a discharge the function of the 
starter is no longer necessary. The discharge current 
supplied to the lamp (Li) must nonetheless flow via the 
secondary winding (Si) of the high voltage transformer, 
which has a large number of windings. In order to reduce 
the loss of heat in the winding (Si), it is necessary to 
make the wire diameter of the winding large, which in- 
evitably results in the disadvantage of an increase in 
size and weight of the starter. 
[0004] One method for avoiding this disadvantage 
has been to use an outside trigger method which is often 
used for the trigger of a blinking lamp. In this method, in 
addition to the first electrode and the second electrode 
of the two poles which form the main arc discharge after 
starting, there is provided an auxiliary electrode, posi- 
tioned between either the first or the second electrode 
to which a high voltage is applied. This results in dielec- 
tric barrier discharge plasma being produced in the dis- 
charge space, which then creates the main arc dis- 
charge between the first electrode and the second elec- 
trode by means of a voltage which has been applied be- 
forehand, i.e., a no-load voltage, by means of a plasma. 
[0005] In this arrangement, after starting the dis- 
charge of the lamp no discharge current the lamp flows 
through the primary winding and the secondary winding 
of the high voltage transformer of the starter. Therefore, 
the primary winding and secondary winding of the high 
voltage transformer of the starter suffers no heat loss. 
This method avoids an increase in both the size and 



weight of the starter. 

[0006] On the other hand, with regard to the conven- 
tional discharge lamp (Li), the discharge lamp (Li) and 
the feed device (Ni) are connected to one another by 
5 feed lines (K1, K2). Additionally, the starter (Ui) unit is 
located inside the feed device (Ni). This starter (Ui) must 
produce a high voltage, e.g., a high pulsed voltages so 
that the feed lines (K1 , K2) are charged in a short time 
with a high voltage which results in the disadvantage of 

10 creating a powerful noise in the lines. 

[0007] Furthermore, a dulling distortion of the pulsed 
high voltage is created by an electrostatic buildup which 
is formed between the feed lines (K1 , K2) and any lead 
in the vicinity, and as well as an inductance of the feed 

'5 lines (K1 , K2). As a result, the buildup of voltage be- 
tween the lamp electrodes (E1, E2) is therefore re- 
duced. In order to obtain the pulsed voltage necessary 
for starting the discharge lamp, a larger amount of en- 
ergy than is normally necessary must be delivered by 

20 the starter (Ui) in the direction to the feed lines (K1 , K2). 
In addition, the pulse width is broadened by dulling dis- 
tortion of the pulsed high voltage which increases the 
possibility of the formation of an insulation breakdown 
In an unintended area, such as in the insulation coating 

25 of the high voltage transformer (Tl) and the feed lines 
(K1, K2) or the like. This reduces the reliability of the 
discharge lamp. 

[0008] In another method of starting a discharge 
lamp, a starter, referred to as a DC starter, produces a 

30 high voltage where the voltage increases relatively 
slowly. However, in this instance the insulation break- 
down phenomenon is more frequent, as well as resulting 
in a higher voltage and a longer voltage application time. 
The disadvantage in this method is an even greater pos- 

35 sibility exists for the formation of an insulation break- 
down in an unintended area. 
[0009] As was described above with regard to the out- 
side triggermethod, the disadvantage of formation of an 
insulation breakdown in an unintended area, when us- 

<o ing a DC starter, is exactly the same as the series trigger 
method. For example, Japanese patent publication JP 
37-8045 discloses a discharge lamp in which the tech- 
nique for starting the high pressure discharge lamp is 
by the outside trigger method. In this arrangement, there 

45 is a coil which produces, at the lamp current in the high 
pressure mercury lamp, a magnetic force. The operation 
of the starter circuit is controlled so that a high voltage 
is produced In an auxiliary electrode by the magnetic 
force. 

50 [001 0] Furthermore, as described in Japanese patent 
publication JP 5-54983, a lamp arrangement is dis- 
closed in which in a lamp, such as a high voltage mer- 
cury lamp or the like, a plurality of auxiliary electrodes 
(outside electrodes) are provided which are situated a 

55 few millimeters from one another. However, in this con- 
ventional light source device, the emission of a powerful 
line noise and the formation of an insulation breakdown 
in an unintended area was not considered at all. 
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Summary of the Invention 

[0011] The object of the invention is to eliminate the 
disadvantages described above, which can be summa- 
rized as: 

an undesirable increase in the size or weight of the 
starter should occurs when attempting to avoid heat 
loss in the windings; 

an undesirably large noise forms with conventional 
discharge lamps; 

a greater energy than necessary must be delivered 
as a result of capacftive coupling, in the vicinity of 
the starter, between the feed lines and the lead; and 
an increased possibility exists for the formation of 
an insulation breakdown in an unintended area 
which reduces the reliability of the device. 

In a first embodiment of the invention, a light 
source device is described in which the following com- 
ponents are connected to one another: 

- a discharge lamp (Ld) Including a pair of opposed 
electrodes (E1 , E2) for the main arc discharge and 
In which an auxiliary electrode (Et) is provided so 
that the auxiliary electrode does not come into con- 
tact with the discharge space (Sd) for the main dis- 
charge; 

- a feed circuit (Bx) for supplying the discharge cur- 
rent to the electrodes (E1, E2) for the main dis- 
charge; and 

a starter circuit which produces a high voltage be- 
tween the one of the electrodes (E1 , E2) forming 
the main discharge and the auxiliary electrode (Et), 

The object of the invention is achieved by this em- 
bodiment in that the high voltage generating part (Ub) 
of the starter circuit, which includes at least the high volt- 
age transformer (Te), is separated from the feed circuit 
part (By) such that the lamp (Ld) and the high vottage 
generating part (Ub) are formed as an integral unit (Ly). 
[001 2] In another embodiment of the invention, a con- 
nector for electrical connection of the feed circuit part 
(By) to the unit (Ly) has the additional function of a hold- 
ing means for the high voltage generating part (Ub). 

Brief Description of the Drawings 

[0013] Figure 1 sets forth a block drawing of a light 
source device according to a first embodiment of the in- 
vention; 

[001 4] Figure 2 sets forth a schematic of an arrange- 
ment of lamp parts of the light source device according 
to another embodiment of the invention; 
[001 5] Figure 3 sets forth a schematic of a first varia- 
tion of the light source device of Figure 2; 
[001 6] Figure 4 sets forth a schematic of a second var- 
iation of the light source device of Figure 2; 



4 

[001 7] Figure 5 sets forth a detailed schematic of the 
first embodiment of the invention of Figure 1 ; 
[001 8] Figure 6 sets forth another detailed schematic 
of the first embodiment of the invention of Rgure 1 ; 

s [0019] Rgure 7 sets forth a detailed cross section of 
the first variation of the light source device of Rgure 3; 
[0020] Rgure 8 sets forth another detailed cross sec- 
tion of a variation of the light source device of Figure 3; 
[0021] Rgure 9 sets forth a detailed cross section of 

10 the second variation of the light source device of Figure 
4; 

[0022] Figure 1 0 sets forth another detailed cross sec- 
tion of a variation of the light source device of Figure 4; 
[0023] Rgure 11 sets forth a schematic of an embod- 
15 iment of the invention in which another starter is used; 
[0024] Rgure 1 2 shows another schematic of an em- 
bodiment of the invention in which yet another starter is 
used; 

[0025] Rgure 1 3 sets forth a schematic of an embod- 
20 iment of the invention in which an alternating discharge 
voltage is applied; and 

[0026] Rgure 14 sets forth a schematic of a conven- 
tional light source device. 

25 Detailed Description of the Invention 

[0027] The Invention is described below according to 
a first embodiment Figure 1 shows the overall arrange- 
ment of a light source device of the invention in a slm- 
30 pljfied block drawing. The high voltage generating part 
(Ub) of the starter circuit, which comprises at least one 
high voltage transformer and the lamp (Ld), are formed 
as an integral lamp unit (Ly). 

[0028] The starter drive part (Ua) is separate from the 
35 high voltage generating part (Ub) of the starter circuit. 
Here, a case is shown in which the starter drive part (Ua) 
together with the feed circuit (Bx) for supply of electrical 
energy for the discharge emission to the lamp (Ld) is 
located In the feed circuit part (By). 
40 [0029] Rgure 2 shows the arrangement of parts of the 
lamp unit (Ly) of the light source device of the invention 
in a simplified representation. In the figure, a lamp is 
described in which a reflector (Y1 ) for emergence of the 
emission of the lamp in a certain direction and a light 
45 exit window (Y2) which envelops the front side of the 
reflector (Y1 ) are used. 

[0030] The length of the line path (Kh) of the high volt- 
age for connection of the switching part on the second- 
ary side of the high voltage transformer (Te) to the aux- 
50 iiiary electrode (Et) can be reduced since tiie high volt- 
age generating part (Ub) of the starter circuit including 
at least the high vottage transformer (Te in Rgures 5 & 
6) is separated from the feed circuit part (By) and that 
the above lamp (Ld) and the high voltage generating 
55 part (Ub) are formed as an Integral lamp unit (Ly). 
[0031] In this embodiment, the electrostatic capacity 
which is formed between the line path (Kh) of the high 
voltage for connection of the switching part on the sec- 
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ondary side of the high voltage transformer (Te) to the 
auxiliary electrode (Et) and the lead in the vicinity can 
be reduced and the inductance of the line path (Kh) can 
be decreased. 

[0032] When the starter produces a pulsed high volt- 
age, the adverse effect due to the dulling distortion of 
the pulsed high voltage which is caused by the presence 
of the electrostatic capacity of the line path and the pres- 
ence of the inductance is suppressed, and the increase 
of voltage between the lamp electrodes (E1, E2) is re- 
duced. Furthermore, the disadvantage that a greater en- 
ergy than necessary must be delivered during startup is 
also eliminated. Also, the possibility that the pulse width 
is increased by dulling distortion of the pulsed high volt- 
age and that an insulation breakdown forms in an unin- 
tended area can be suppressed. Since the length of the 
line path (Kh) for connection of the switching part on the 
secondary side of the high voltage transformer (Te) to 
the auxiliary electrode (Et) can be reduced, as can the 
loop area, the disadvantage of noise formation can be 
eliminated. 

[0033] Because the length of the connecting line be- 
tween the starter and the auxiliary electrode (Et) is 
small, the possibility of formation of an insulation break- 
down in an unintended area can also be suppressed 
when the starter produces a high voltage where the volt- 
age Increases relatively slowly. Furthermore, the high 
voltage-carrying lines in the line paths (Kv, Kp, Kg) be- 
tween the feed circuit part (By) and the lamp unit (Ly) 
are no longer necessary. As a result, a line with low volt- 
age stability, thin insulation coating and a small coating 
diameter can be used. Therefore, it is possible to con- 
tribute to a reduction in the size of the light source device 
more than in the case in which a thick, high voltage-car- 
rying line is used. As a result, the installation effort is 
simplified, and the costs for development and produc- 
tion of the light source device can be reduced. 
[0034] Moreover, no discharge current of the lamp 
(Ld) flows in the primary winding (Pe) and the secondary 
winding (Se) of the high voltage transformer (Te) of the 
starter, as was described above for the outside trigger 
method after starting the discharge of the lamp (Ld). In 
the primary winding (Pe) and the secondary winding 
(Se) of the high voltage transformer (Tc) of the starter 
therefore no heat loss arises. Consequently, an in- 
crease both In the size and weight of the starter can be 
avoided. 

[0035] The arrangement of the light source device of 
the invention described in this first embodiment elimi- 
nates the disadvantages of having to deliver a greater 
energy than necessary by the starter, of noise, and the 
danger of insulation breakdown in an unintended area. 
Additionally, the light source device can be built at low 
production costs, and an increase both in the size and 
weight of the starter can be avoided. 
[0036] In the invention according to Its second em- 
bodiment, Figure 3 shows a first variation of this embod- 
iment of the invention. Here, of the connectors (Ca, Cb) 



for electrical connection of the feed circuit part (By) to 
the lamp unit (Ly), the connector (Cb) on the side of the 
tamp unit also have the function of a holding means for 
the high voltage generating part (Ub). This arrangement 

5 obviates the need for a means to attach the high voltage 
generating part (Ub) in the lamp unit (Ly). Furthermore, 
connection of the connector to the high voltage gener- 
ating part (Ub) within the connector (Cb) takes place. As 
a result, a cable for connection of the connector to the 

io high voltage generating part (Ub) is no longer neces- 
sary. Therefore, it is possible to contribute to a reduction 
in the size of the lamp unit (Ly). 
[0037] Since a cable for connection of the connector 
to the high voltage generating part (Ub) is no longer nec- 

15 essary, the connection point between this cable and the 
connector or between this cable and the high voltage 
generating part (Ub) can be omitted. As a result, the pos- 
sibility of the disadvantages, such as a faulty connection 
orthe like, is reduced and an advantage is realized since 

20 the reliability increases. At the same time, the cable for 
connection of the connector to the high voltage gener- 
ating part (Ub) is no longer necessary. In this embodi- 
ment, the labor input for connection and the labor input 
for attaching the high voltage generating part (Ub) in the 

2s lamp unit (Ly) are reduced, resulting in a reduction of 
tabor costs. 

[0038] Furthermore, the high voltage generating part 
(Ub) is automatically replaced by this arrangement 
when the lamp unit (Ly) is replaced, together with the 

30 connector (Cb) on the side of the lamp unit, after the 
service life of the lamp (Ld) expires. This results in a 
further advantage since conventionally for the high volt- 
age transformer (Te) of the starter, which produces a 
high voltage, Its insulation efficiency is inevitably de- 

35 graded according to the frequency of use. In this em- 
bodiment, however, by replacing the lamp unit (Ly) the 
high voltage generating part (Ub) is replaced by a new 
part. Thus, the danger of insulation breakdown as a re- 
sult of the degradation of the insulation efficiency of the 

40 high voltage generating part (Te) can be prevented be- 
forehand. 

[0039] Additionally, this arrangement makes it possi- 
ble to handle the high voltage generating part (Ub) as a 
consumable. Therefore, its service life can be limited to 

<s a limited starting frequency per lamp (Ld). In this em- 
bodiment, the reliability which can be required of the 
high voltage generating part (Ub) can be frnproved com- 
pared to the conventional lamps where it is used as a 
long-term part. As a result, the costs for the arrangement 

so of the high voltage generating part (Ub) and for the ma- 
terials used for this part can be reduced. 
[0040] Alternatively, Figure 4 shows another variation 
of the second embodiment of the invention. Here, the 
connectors (Ca 1 , Cb") for electrical connection of the 

55 feed circuit part (By) to the lamp unit (Ly), in which the 
connector (Ca*) is paired with the connector (Cb 1 ) on the 
side of the lamp unit, also have the function of a holding 
means for the high voltage generating part (Ub). In this 
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arrangement, as welt as in the first variation above, a 
means for mounting the high voltage generating part 
(Ub) In the lamp unit (Ly) and a cable for connection of 
the connector to the high voftage generating part (Ub) 
are no longer necessary. 

[0041] This arrangement has the following advantag- 
es: 

a reduction in the size of the lamp unit (Ly); 
reduced faulty connections or the like; 
an increase in reliability; 

a reduction in the labor input for connection and of 
the labor input for mounting the high voltage gener- 
ating part (Ub) in the lamp unit (Ly) and a reduction 
of labor costs. 

Since the connector (Ca*) which forms a pair with the 
connector (Cb f ) on the side of the lamp unit is not re- 
placed in this embodiment, even if the lamp unit (Ly) is 
replaced, there is the advantage that the high voltage 
generating part (Ub) Is not replaced. In this Instance, the 
advantage which arises when the high voltage generat- 
ing part (Ub) is handled as a consumable cannot be ob- 
tained; however, the number of parte of the lamp unit 
(Ly), which Is replaced according to the replacement fre- 
quency of the high voltage generating part (Ub), is re- 
duced when a high voltage generating part (Ub) has a 
long service life. Therefore, the advantage of reducing 
the costs for the lamp unit (Ly) are still realized. 
[0042] Between the first variation and the second var- 
iation of this embodiment, the difference is in handling 
of the high voltage generating part (Ub) either as a con- 
sumable or a permanent part. Since each variation still 
has other advantages, i.e., with respect to costs and re- 
liability and the like, the variation can be selected which 
is more advantageous at the time. Of course, a lamp 
arrangement can be provided in which the connectors 
for electrical connection of the feed circuit part (By) to 
the lamp unit (Ly), on both the connector on the side of 
the lamp unit as well as the connector which forms a 
pair with this connector, have the function of a means 
for securing part of the starter. 
[0043] Figure 5 illustrates one embodiment of Figure 
1 in a simplified representation. A DC source (Mx), 
which can be a power factor corrector (PFC) or the like, 
is connected to a feed circuit (Bx) of the voltage reduc- 
tion chopper-type. In the feed circuit (Bx), using a 
switching device (Qx), such as a FET or the like, the 
current from the DC source (Mx) is turned on and off, 
and a smoothing capacitor (Cx) is charged via a choke 
coil (Lx). A gate signal with a suitable pulse duty factor 
from a gate driver circuit (Gx) is transferred to the switch- 
ing device (Qx) such that the discharge current which 
flows between the electrodes (E1 , E2) for the main dis- 
charge of the lamp (Ld). The voltage between the elec- 
trodes (E1, E2) for the main discharge or the lamp watt- 
age as the product of this current has a suitable value 
which corresponds to the state of the lamp (Ld) at this 



instant. 

[0044] Normally, for suitable control of the lamp cur- 
rent of the lamp voltage or of the lamp wattage, a partial 
pressure resistance or a shunt resistance Is provided for 
5 determining the voltage of the smoothing capacitor (Cx) 
and the current supplied by the smoothing capacitor 
(Cx) of the lamp (Ld). Furthermore, there is normally a 
control circuit which makes it possible for the gate driver 
circuit (Gx) to produce a suitable gate signal. These 
10 parts are however not illustrated in Figure 5. 

[0045] In the operation of the lamp (Ld), before start- 
ing, a no-load voltage is applied between the electrodes 
(E1 , E2) for the main discharge of the lamp (Ld). Since 
the Input point (F1 ) and the ground point (F2) of the start- 
is er drive part (Ua) are connected parallel to the (amp (Ld), 
the same voltage as the voltage applied to the lamp (Ld) 
is also supplied to the starter drive part (Ua). When this 
voltage is received, a capacitor (Ce) is charged via a 
resistor (Re) in the starter drive part (Ua). 
20 [0046] By closing a switching device Qe, such as a 
SCR thyristor or the Oke, by a gate driver circuit (Ge) 
with suitable timing, a charging voltage is applied to the 
capacitor (Ce), and to the primary winding (Pe) of the 
high voltage transformer (Te) of the high voltage gener- 
is ating part (Ub) which is separated from the feed circuit 
part (By) and which is formed as an Integral unit (Ly). in 
the secondary winding (Se) of the high voltage trans- 
former (Te), an Increased voltage is formed which cor- 
responds to the arrangement of the high voltage trans- 
30 former (Te). 

[0047] In this embodiment, the voltage applied to the 
primary winding (Pe) decreases rapidly according to the 
discharge of the capacitor (Ce). The voltage which 
forms In the secondary winding (Se) similarly drops rap- 
35 idly. The voltage which forms in the secondary winding 
(Se) therefore becomes a pulse. One end of the sec- 
ondary winding (Se) of the high voltage transformer (Te) 
is connected to one of the electrodes of the lamp (Ld), 
specif ically to the electrode (E1), which in this instance 
40 is the cathode. The other end of the secondary winding 
(Se) is connected to the auxiliary electrode (Et) which is 
located outside of the discharge vessel of the lamp (Ld). 
The high voltage which forms in the secondary winding 
(Se) produces a discharge between the auxiliary elec- 
45 trade (E1) of the lamp (Ld) and the inside of the dis- 
charge vessel of the lamp (Ld) through a dielectric bar- 
rier discharge. Thus, the main discharge is induced be- 
tween the electrode (E1) and the other electrode (E2). 
[0048] In Figure 5. the high voltage of the starter is 
so applied between the cathode side of the lamp and the 
auxiliary electrode. However, the high voltage can also 
be applied between the anode side of the lamp and the 
auxiliary electrode. In the embodiment described above 
for Figure 5, the starter drive part (Ua) and the high volt- 
55 age generating part (Ub) are connected by a line (Kp) 
which leads to one end of the primary winding (Pe) of 
the high voltage transformer (Te). Furthermore, in the 
high voltage generating part (Ub) the other end of the 
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primary winding (Pe) of the high voltage transformer (Te) 
Is connected via a terminal (F2 1 ) to an electrical circuit 
(Kg) which is a ground that is combined with the elec- 
trode (E1) of the lamp (Ld). 

[0049] Therefore, the light source device can be op- 
erated by a connection of the feed circuit part (By) to the 
lamp unit (Ly) by only three lines (Kv, Kp, Kg), where 
line (Kv) connects to the anode (E2) of the lamp (Ld). 
Consequently, the advantage that the number of lines 
can be reduced is realized. However, since the line (Kg) 
of the ground is used jointly for the current of the main 
discharge of the lamp (Ld) and for the current of the pri- 
mary winding (Pe) of the high voltage transformer (Te) 
of the high voltage generating part (Ub), the circuit is not 
balanced so it is possible for noise to form, for example 
from the line (Kp), for the current of the primary winding 
(Pe) of the high voltage transformer (Te). 
[0050] In Figure 6, the line for the current of the main 
discharge of the lamp (Ld) and the current of the primary 
winding (Pe) of the high voltage transformer (Te) of the 
high voltage generating part (Ub) are separate from one 
another. This means that what was connected from the 
primary winding (Pe) of the high voltage transformer (Te) 
to the grounding point (F2*) is connected via another ter- 
minal (F4') and by means of a line {Kp 1 ) which is used 
specifically for the starter drive part (Ua). 
[0051] In this situation, the current of the primary 
winding (Pe) of the high voltage transformer (Te) flows 
only in the lines (Kp, Kp^, by which a balanced circuit is 
formed. Noise and a malfunction are therefore sup- 
pressed. Further, by twisting the lines (Kp, Kp') suppres- 
sion of the noise can be increased even more. Addition- 
ally, the noise which is caused by the current surge 
which flows into the lamp (Ld) from the smoothing ca- 
pacitor (Cx) t when the main discharge is started, is sup- 
pressed by the twisted lines (Kv, Kg) for the main dis- 
charge. 

[0052] The reason why the lines can be twisted in this 
embodiment is that in the situation when the high volt- 
age generating part (Ub), which comprises the high volt- 
age transformer (Te), is separated from the feed circuit 
part (By) and the lamp (Ld) and the high voltage gener- 
ating part (Ub) are formed as a one-part unit (Ly), there 
is no need to lay a high voltage-carrying line for the line 
paths between the feed circuit part (By) and the lamp 
unit (Ly). As a result, a line with low voltage stability, a 
thin insulation coating and a small coating diameter can 
be used which is a major advantage of the invention. 
[0053] Figure 7 illustrates a detailed cross section of 
the first variation of the light source device of Figure 3 
in a simplified representation. Specifically, the arrange- 
ment of the connectors (Ca, Cb) in the situation in which 
the connector (Cb) on the side of the lamp unit also func- 
tions as a holding means for the high voltage generating 
part (Ub). The circuit corresponds to the circuit de- 
scribed above using Figure 5. Of the lines between the 
feed circuit part (By) and the lamp unit (Ly), the line (Kg) 
is connected to the cathode (E1 ) of the lamp (Ld) by a 



contact of the contactor (015) to which the cable con- 
ductor of a cable (007) is connected. Additionally, a con- 
tactor (01 6) is provided to which the cable conductor of 
a cable (008) is connected. The line (Kv) to the anode 
s (E2) of the lamp (Ld) is connected by a contactor (017) 
with the cable conductor of the cable (009), and with a 
contactor (018) to which the cable conductor of a cable 
(010) is connected. 

[0054] Similarly, the line (Kp) between the starter 
10 drive part (Ua) and the high voltage generating part (Ub) 
is connected by the contact of a contactor (111) to the 
cable conductor of a cable (003), and with a contactor 
(112) to which one terminal (F4) of the high voltage gen- 
erating part (Ub), located in a cage-like connector body 
15 (1 02), Is directly connected. Furthermore, the terminal 
(F2*), which is to be connected to the ground line path 
(Kg) of the high voltage generating part (Ub), Is directly 
connected to the contactor (016). The cable conductor 
of the high voltage cable (004) Is connected to the high 
20 voltage output terminal (F3) of the high voltage gener- 
ating part (Ub). 

[0055] Figure 8 similarly shows, In a simplified repre- 
sentation, another cross section of a variation of the light 
source device of Figure 3. Specifically, the arrangement 
25 of the connectors (Ca, Cb) in this variation includes a 
connector (Cb) on the side of the lamp unit that also 
functions as a receiving vessel and holding means for 
the high voltage generating part (Ub). The circuit corre- 
sponds to the circuit described above using Figure 6. 
[0056] In this embodiment, in comparison to the con- 
nectors shown in Figure 7, a pair of contact arrange- 
ments are added to the cage-like connector bodies (1 41 , 
142). An additional line (Kp 1 ) between the starter drive 
part (Ua) and the high voltage generating part (Ub) Is 
connected by a contact of the contactor (013) to which 
the cable conductor of a cable (005) is connected, and 
with a contactor (014) to which one terminal (F2 1 ) of the 
high voltage generating part (Ub) is directly connected. 
[0057] Figure 9 illustrates a cross section of the sec- 
ond variation of the light source device of Figure 4 in a 
simplified representation. Specifically, the arrangement 
of connectors (Ca 1 , Cb') in this instance is such that the 
connector (Ca'), which forms a pair with the connector 
(Cb*) on the side of the lamp unit, also functions of a 
receiving part and a holding means for the high voltage 
generating part (Ub). The circuit corresponds to the cir- 
cuit described above using Figure 5. 
[0058] Of the lines between the feed circuit part (By) 
and the lamp unit (Ly), the connections of the fine (Kg) 
to the cathode (E1 ) of the lamp (Ld) and the line (Kv) to 
the anode (E2) of the lamp (Ld) are identical to those in 
the connectors described above in Figure 7. However, 
in line (Kp), between the starter drive part (Ua) and the 
high voltage generating part (Ub), the cable conductor 
of the cable (003) is directly connected to the terminal 
(F4) of the high voltage generating part (Ub) which is 
located in the cage-like connector body (201). 
[0059] Furthermore, a terminal (F2') Is to be connect- 
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ed to the ground line (Kg) of the high voltage generating 
part (Ub) that Is connected with contactor (015). A high 
voltage-carrying line (Kh) Is connected on one end by 
one contact of a contactor (211) and at another end by 
a high voltage output terminal (F3) directly connected to 
the high voltage generating part (Ub). The contactor 
(212) also connects to the high voltage cable (004). 
[0060] Figure 1 0 similarly shows, in a simplified rep- 
resentation, another cross section of a variation of the 
light source device of Figure 4. Specifically, the arrange- 
ment of connectors (Ca\ Off) in this instance is such 
that the connector (Ca') t which forms a pair with the con- 
nector (Co') on the side of the lamp unit, also functions 
of a receiving part and a holding means for the high volt- 
age generating part (Ub). The circuit corresponds to the 
circuit described in Figure 6. 

[0061] In this instance, in comparison to the connec- 
tors shown in Figure 9, one line in addition is connected 
to the cage-like connector body (241). For the additional 
line (Kp*) between the starter drive part (Ua) and the high 
voltage generating part (Ub), the cable conductor of the 
cable (005) is directly connected to one terminal (F2 1 ) of 
the high voltage generating part (Ub) located in the 
cage-like connector body (241). 
[0062] In the embodiments as shown in Figures 7 to 
10, variations of the concepts of the invention are illus- 
trated. In the practical use of an actual light source de- 
vice, it is of course assumed that various methods which 
are practiced in conventional connector installation 
technology are used. For example, the contactor is pro- 
duced by pressing a plate of a conductive material which 
Is suitable as an elastic material, for example phosphor 
bronze. In forming a connection of the cables, which in- 
cludes not only the cable conductors but also the coating 
on the cable conductors, the process used will be, for 
example, a compression connection or the like with the 
contactors. 

[0063] When the contactors, which have been con- 
nected to the cables mounted in the cage-like connector 
bodies, are to be installed the process is simplified by a 
connector arrangement having installation openings for 
the contactors that have been elastically widened so 
that the contactors, when inserted in the installation 
openings, are supported inside of the installation open- 
ings so that removal can only be performed by a special 
tool. With this construction, when the cable conductor 
of the cable is directly connected to the terminal of the 
high voltage generating part (Ub) which is located In the 
cage-like connecting body, tension or fatigue on the ca- 
ble, which is tensioned or swfveled, win be prevented 
from occurring on the point at which the cable conductor 
is connected to the terminal of the high voltage gener- 
ating part (Ub). 

[0064] For example, using a conductive holding body 
which has the complementary connection arrangement 
to the cable and the same Installation arrangement In 
the cage-like connector body as the contactors, the ca- 
ble and the cage-like connector body can be coupled to 



one another and the terminal of the high voltage gener- 
ating part (Ub) which Is located in the cage-like connec- 
tor body can be electrically connected to the holding 
body. For electrical connection of the terminal of the high 

5 voltage generating part (Ub) to the holding body a tech- 
nique such as soldering, compression connection, pres- 
sure welding, clamping and the like can be used. 
[0065] In an additional example, a connection ar- 
rangement can be provided in which the cable coating 

io is clamped and attached directly by a cage-like connec- 
tor body or in which the cable coating is clamped by us- 
ing an auxiliary component and is therefore indirectly at- 
tached to the cage-like connector body. Examples of a 
mechanism for direct or indirect attachment of the cable 

15 coating to the cage-like connector body are U-shape 
construction or a construction in which clamping is done 
by the cover of the holding chamber of the high voltage 
generating part (Ub) . Alternatively, the cable coating can 
simply be cemented to the cage-like connector body. 

20 [0066] When the cable is attached, the cable conduc- 
tor can be connected to the terminal of the high voltage 
generating part (Ub), e.g., by soldering or using a com- 
pression connection sleeve. Of course, the three-di- 
mensional distance or creep length which is required for 

25 safety should be ensured between the high voltage out- 
put terminal (F3) of the high voltage generating part (Ub) 
and the charging part which Is electrically connected 
thereto. 

[0067] In the embodiments shown in Figures 5 & 6, 

30 the use of a starter which produces a pulsed high volt- 
age is illustrated. However, the excellent advantages of 
the invention of this embodiment can be realized regard- 
less of the starter circuit type or the voltage waveform 
applied by the starter circuit to the auxiliary electrode 

35 (Et) of the discharge lamp (Ld). 

[0068] Figure 1 1 Illustrates an embodiment in which a 
starter is used which produces a high voltage but in 
which the voltage rises relatively slowly. Since the input 
point (F1) and the ground point (F2) of the starter drive 

40 part (Ua) are connected parallel to the lamp (Ld), as in 
Figures 5 and 6, the no-load voltage which has been 
applied to the lamp (Ld) is also supplied to the input point 
(F1 ) and the ground point (F2). When this voltage is re- 
ceived, charging of the capacitor (Cf 1 ) is begun in the 

45 starter drive part (Ua) via a resistor (Rf ). Closing of the 
switching device (Qf) , such as a SIDAC or the like, takes 
place by Itself when the voltage of the capacitor (Cf1) is 
charged up to a given threshold voltage. This voltage Is 
applied to the primary winding (Pf) of the high voltage 

so transformer (Tf) of the high voltage generating part (Ub), 
which is separate from the feed circuit part (By) and is 
formed as integral unit (Ly). A capacitor (Cf2) on the sec- 
ondary side is charged via a diode (Df) which is connect- 
ed to the secondary winding (Sf). 

55 [0069] When the discharge of the capacitor (Cfl ) on 
the primary side continues and when the current reach- 
es a value which is less than or equal to a given value, 
the switching device (Qf) is shifted by itself into the non- 
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closed state. 

[0070] Thus, charging of the capacitor (Cf 1 ) is started 
again. Each time the capacitor (Cfl) is charged or dis- 
charged, the charge of the capacitor (Cf2) on the sec- 
ondary side is cumulated. Its voltage is increased more 
and more. When the voltage of the capacitor (Cf2) 
reaches the ignition voltage, between the one electrode 
(E1) of the lamp (Ld) and the inside of the discharge 
vessel of the lamp (Ld), a discharge is formed by the 
dielectric barrier discharge. This is due to one end of the 
capacitor (Cf2) being connected to one electrode (E1) 
(in this case the cathode) of the lamp (Ld) and the other 
end of the capacitor (Cf2) is connected to an auxiliary 
electrode (Et) which is located outside of the discharge 
vessel of the lamp (Ld). 

[0071 ] When this discharge has formed, the lamp has 
been started and when a transition to the arc discharge 
has been successfully carried out, the voltage applied 
to the lamp (Ld) decreases, i.e., as a result the voltage 
supplied to the starter drive part (Ua), as a result the 
charging voltage of the capacitor (CM) decreases and 
the switching device (Qf) is shut down. 
[0072] In Figure 11 , the high votage of the starter Is 
applied between the cathode side of the lamp and the 
auxiliary electrode. But it can also be applied between 
the anode side of the lamp and the auxiliary electrode. 
Furthermore, the starter shown in Figure 12 can also be 
used; it can be considered a "two-stage voltage raising 
type". In a similar embodiment as thecharglng operation 
of the capacitor (Cf2) of the circuit shown in Figure 11 , 
a capacitor (Ck) of the high voltage generating part (Ub) 
which is separate from the feed circuit part (By) and 
which is formed as an integral unit (Ly) is charged. 
[0073] When charging of the capacitor (Ck) contin- 
ues, a discharge gap element (AK), such as a surge ar- 
restor or the like, discharges and a voltage is applied to 
the primary winding (Pk) of a high voltage transformer 
(Tk), as a result a pulsed high voltage is produced in the 
secondary winding (Sk) of the high voltage transformer 
(Tk). The pulsed high voltage is applied via one terminal 
(F3) to the auxiliary electrode (Et) which is located out- 
side of the discharge vessel of the lamp (Ld). In a light 
source device with such a starter circuit system, the out- 
standing advantages of the invention mentioned above 
are realized. 

[0074] When the starter is divided into the starter drive 
part (Ua) and the high voltage generating part (Ub) 
which comprises at least the high voltage transformer, 
when the high voltage generating part (Ub) is separated 
from the feed circuit part (By) and when the unit (Ly) 
which is integral with the lamp (Ld) is formed, the man- 
ner of division of the components can be suitably de- 
pending on the needs of the light source device. For ex- 
ample, in the starter shown in Figure 12, a switching de- 
vice (Qj), such as a SIDAC or the Hoe, and the primary 
winding (Pj) of a step-up transformer are separated from 
one another. Additionally, the diode (Dj) and the capac- 
itor (Ck) (see boundary line S1 ) can also be separated 



from one another or from the discharge gap element 
(AK) which in turn can be separated from the primary 
winding (Pk) of the high voltage transformer (Tk) (see 
boundary line S2). 
5 [0075] In the embodiments of the invention described 
above, a DC discharge voltage is applied to form the 
main discharge of the lamp (Ld). However, each of the 
advantages of the invention described above can be re- 
alized when an AC discharge voltage is applied. 

w [0076] Figure 13 shows yet another embodiment of 
the invention in a simplified representation. In the circuit 
in Figure 13, when compared to the circuit shown above 
in Figure 6, switching devices (Q1, Q2, Q3, 04), such 
as FETs or the like, were added and thus a full bridge 

is inverter was formed. It is thus possible to apply an al- 
ternating discharge voltage to the lamp (Ld*). 
[0077] The switching devices (Q1 , Q2, Q3, Q4) are 
each driven by gate driver circuits (G1 G2, G3, G4) 
which are controlled by a full bridge inverter control ctr- 

20 cu it (He) such that the switches (Q1 , Q4) and the switch- 
es (Q2, Q3) which are each the diagonal elements of 
the full bridge inverter are closed at the same time. 
[0078] The high voltage, which forms at the output 
points (F3, F2") of the high voltage generating part (Ub), 

25 is applied between one electrode (E1 ') for the main dis- 
charge of the lamp (Ld 1 ) and the auxiliary electrode (Et). 
A discharge, by which the main discharge is induced, Is 
formed by a dielectric barrier discharge between the one 
electrode (EV) and the inside of the discharge vessel of 

30 the lamp (L<f). 

[0079] If the timing of the switching to the cfosed 
states of the switching devices (Q1 , Q2, Q3, Q4) of the 
full bridge inverter (and the formation of the high voltage 
of the starter) Is unfavorable with respect to the dis- 

35 charge starting of the lamp, the disadvantage with re- 
spect to the timing can be avoided when the discharge 
start the lamp either by synchronization such that the 
timing of the switching of the closed states of the switch- 
ing devices (Q1 , Q2, Q3, Q4) and of the formation of the 

<o high voltage of the starter becomes correct, or by stop- 
ping the full bridge inverter until discharge starting of the 
lamp is completed. 

[0080] The starter in the circuit in Figure 13 can also 
be replaced by the starter which is shown above using 
45 Figure 11 and which produces a high voltage at which 
the voltage increases relatively slowly, although this is 
not shown in Figure 13. 

[0081 ] In each of the embodiments of the invention, a 
feed circuit (Bx) of the voltage reduction chopper circuit 
50 type is shown. However, the advantages of the invention 
described above can be realized in other circuit types 
or in an arrangement in which the feed circuit also acts 
as the DC source (Mx). 

[0082] Relative to the embodiments of the invention, 
55 it was described that the starter drive part (Ua) is located 
in the feed circuit part (By). However, the starter drive 
part (Ua) can also be separately located. Additionally, 
an embodiment where starter drive part (Ua) is essen- 
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tially not present because the high voltage generating 
part (Ub) of the starter is the entire starter circuit, is still 
another embodiment of the invention. 



Claims 

1 . Light source device comprising: 

a discharge lamp including a pair of opposed 
electrodes located in a discharge space and an 
auxiliary electrode located outside of the dis- 
charge space; 

a feed circuit for supplying a discharge current 
to the opposed electrodes; and 
a starter circuit assembly including a high volt- 
age generating part which produces a high volt- 
age between one of the opposed electrodes 
and the auxiliary electrode; 

wherein the high voltage generating part of 
the starter circuit assembly includes at least a high 
voltage transformer that Is separated from the feed 
circuit; 

wherein the feed circuit is separated from the 
starter circuit; and 

wherein the discharge lamp and the high volt- 
age generating part are formed as an Integral unit. 

2. Light source device as claimed in claim 1, further 
including a connector body for establishing electri- 
cal connection of the feed circuit part to the integral 
unit; wherein the high voltage generating part is 
supported by the connector body. 

3. Light source device as claimed in claim 2, wherein 
the connector body comprises two separable com- 
ponents; wherein the high voltage generating part 
is held with in one of said two separable components 
with the discharge lamp. 

4. Light source device as claimed in any one of claims 
1 to 3, wherein the integral unit comprises first and 
second separable components; wherein the high 
voltage generating part is supported within either 
separable component. 

5. Light source device as claimed In claim 4, wherein 
the second separable component is integrally 
formed with the integral unit and the high voltage 
generating part is supported within the second sep- 
arable component. 

6. Light source device as claimed in claim 4, wherein 
the first separable component is separable from the 
integral unit and the high voltage generating part is 
supported within the first separable component. 



7. Light source device as claimed in any one of claims 
1 to 6, wherein the auxiliary electrode is supported 
on an exterior surface of the discharge lamp. 

s 8. Light source device as claimed in any one of claims 
1 to 7, wherein the starter circuit assembly Includes 
components other than the high voltage generating 
part and which are separate from the integral unit 

io 9. Light source device comprising: 

a discharge lamp including a pair of opposed 
electrodes located in a discharge space and an 
auxiliary electrode which is located outside of 

is the discharge space; 

a feed circuit for supplying a discharge current 
to the opposed electrodes; and 
a starter circuit assembly including a high volt- 
age generating part which produces a high volt- 

20 age between one of the opposed electrodes 

and the auxiliary electrode; 

wherein the starter circuit is separated from 
the feed circuit and the high voltage generating part 
25 of the starter circuit assembly includes at least a 
high voltage transformer that is located a sufficient 
distancefrom the feed circuit to reduce noise in con- 
ductive lines of the discharge device during startup 
of the discharge lamp; and 
30 wherein the discharge lamp and the high volt- 

age generating part are formed as an integral unit 

10. Light source device as claimed in claim 9, wherein 
the feed circuit is formed as a separate component 

35 from the integral unit. 

1 1 . Light source device as claimed in claim 9 or 1 0, fur- 
ther including a connector body for establishing 
electrical connection of the feed circuit part to the 

40 integral unit wherein the high voltage generating 
part is supported by the connector body. 

12. Light source device as claimed in claim 1 1 , wherein 
the connector body comprises two separable com- 

« ponents; wherein the high voltage generating part 
is held within one of the two separable components 
with the discharge lamp. 

13. Light source device as claimed in any one of claims 
so 9 to 1 2, wherein the integral unit comprises first and 

second separable components; wherein the high 
voltage generating part is supported within either 
separable component. 

55 14. Light source device as claimed in claim 13, wherein 
the second separable component is integrally 
formed with the integral unit and the high voltage 
generating part is supported within the second sep- 
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arable component. 

1 5. Light source device as claimed in claim 1 3, wherein 
the first separable component is separable from the 
integral unit and the high voltage generating part is 5 
supported within the first separable component. 

16. Light source device as claimed in any one of claims 
9 to 1 5, wherein the auxiliary electrode is supported 

on an exterior surface of the discharge lamp. 10 

1 7. Light source device as claimed in any one of claims 
9 to 16, wherein starter circuit assembly includes 
components other than the high voltage generating 
part and which are separate from the integral unit, 15 

1 8. Light source device as claimed in claim 1 7, wherein 
the other starter circuit assembly components are 
connected with the feed circuit. 

20 

1 9. Light source device as claimed In claim 1 8, wherein 
the other starter circuit assembly components are 
part of another integral unit which Includes the feed 
circuit. 

25 
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